Introduction
Borrelia may be unique among prokaryote in having a genome that is mainly linear DNA physical and genetic map of linear chromosome of B. burgdurferi has been published, it consist of 946 to 952 kb Linear DNA (Sherwood et al; 1993, Davidson et al; 1992, Barbour et al; 1982) .
This bacteria also contains several circular and specially linear plasmids from 5 to 55 kb. Recently analysis of entire Agrobacterium tumefaciens C58 genome revealed presence of one 2.1-Mb linear and one 3-Mb circular plasmid (Servent et al; and it has been shown that rhodococcus fascians contains 4 Mb linear chromosome (Crespi et al; . Presence of several linear plasmids seems the segmentation of Borrelias DNA to several linear pieces has led to the suggestion that the relatively small linear chromosome and the linear plasmids actually are minichromosoms. In B. hermsii it has been shown that total cellular DNA organized into several complete gnomes (Kitten et al; and it suggests that linear plasmids are like small chromosomes (Ferdows et al; . Plasmid profile of B. burgdorferi from different geographical area has been revealed significant heterogeneity a feature that can be used for classification of bacteria within given species . Another related spirochete B. hermsii like B. burgdorferi has several linear and circular plasmids and the genes responsible for antigenic variation are located in linear plasmids. In B. burgdorferi a 49 kb linear plasmid carries the genes for Outer Surface Protein A and B (OspA and OspB) 1987, Baril et al; . It has been shown that passage of B. burgdorferi in BSK medium changes the plasmid profile and loss of plasmids may change the infectivity of organism (Schwan et al; 1988, Simpson, et al; 1990) . Structure of Linear plasmids of B. burgdorferi shows similarity to eukaryotic virus such as vaccinia and African swine fever virus in having covalently closed ends like hairpin loops 1991) .
Taxonomy and classification
Borrelia burgdorferi belongs to the phylum Spirochaetes. The members of this phylum are long, thin, helically coiled bacteria that have flagella (axial filaments) running lengthwise between the peptidoglycan layer and the outer membrane. Movement of the flagellum produces a screw-like motion that propels the organism.
The phylum Spirochates contains a single class (Spirochaetes), a single order (Spirochaetales), and three families: Brachyspiraceae, Leptospiraceae, and Spirochaetaceae.
www.intechopen.com The Spirochaetaceae family includes the genus Treponema and the genus Borrelia . Treponema pallidum is the causative agent of the sexually-transmitted disease syphilis.
The three members of the Borrelia genus Borrelia burgdorferi sensu stricto, Borrelia garinii , and Borrelia afzelii are collectively known as Borrelia burgdorferi sensu lato, and are the causative agents of Lyme disease.
Structure and morphology
Borrelia cells average 0.2 to 0.5 µm by 4 to 18 µm, and have fewer coils than Leptospira. The periplasmic flagella originate from either end of the spirochete (where they are anchored to the cytoplasmic membrane) and wind around the protoplasmic cylinder, imparting both motility and shape to the organism-in contrast to other bacteria, in which the peptidoglycan layer determines the shape.
The role of flagella in imparting Borrelia 's helical shape was established by inactivation of the flaB gene, which encodes the major flagellar filament protein, FlaB. This produced bacteria that lacked periplasmic flagella, were non-motile and rod-shaped.
Whereas the motility of externally-flagellated bacteria is hindered in viscous substances, that of spirochetes is enhanced, and about 6% of the chromosomal genome encodes proteins involved in motility and chemotaxis.
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Genome organization of Borrelia burgdorferi
All members of the Borrelia genus that have been examined harbor a linear chromosome that is about 900 kbp in length as well as a plethora of both linear and circular plasmids in the 5-220 kbp size range. Genome sequences have been determined for B. burgdorferi, B. garinii, B. afzelii, B. duttonii and B. recurrentis . The chromosomes, which carry the vast majority of the housekeeping genes, appear to be very constant in gene content and organization across the genus. The content of the plasmids, which carry most of the genes that encode the differentially-expressed surface proteins that interact with Borrelia's arthropod and vertebrate hosts, are much more variable. B. burgdorferi strain B31, the B. burgdorferi type strain, has been studied in the most detail and harbors twelve linear and nine circular plasmids that comprise about 612 kbp. The plasmids are unusual, as compared to most bacterial plasmids, in that they contain many paralogous sequences, a large number of pseudogenes and, in some cases, essential genes. In addition, a number of the plasmids have features suggesting that they are prophages. Some correlations between genome content and pathogenicity have been deduced and comparative whole genome analyses promise future progress in this arena.
The highly unusual segmented genomes of Borrelia species can contain over 20 utonomously replicating DNA molecules. Many of the molecules, including the chromosome, are linear with covalently closed hairpin ends. 
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The Borrelia burgdorferi genome
Extra-chromosomal genome
The extra-chromosomal genome of B. burgdorferi B31 consists of 12 linear plasmids and nine circular plasmids that total 610 kb in size.
Linear plasmids
There are two linear plasmids in B. burgdorferi that are absolutely necessary for persistent infection of a mammalian host. These plasmids, known as lp25 and lp28-1, are relatively unstable in culture, and are commonly lost after a few generations of in vitro growth. Bacteria that have lost either of these two plasmids remain capable of in vitro growth, but lose their ability to cause persistent infection even in immunocompromised mice. The lp25 plasmid contains a gene, pncA, which encodes a nicotinamidase whose function is most likely the biosynthesis of NAD; by all appearances its activity is dispensable growth in vitro , but crucial for growth within a host. Transforming the lp25-spirochetes with pncA on a shuttle vector replaces the requirement of lp25 in vivo. Likewise, reintroduction of the entire lp25 plasmid (by transformation) into lp25-spirochetes successfully rescues infectivity.
[2]
Circular plasmids
An unusual feature of B. burgdorferi is a series of related 32-kb circular plasmids, termed cp32s. These have been found to be prophage genomes, and it is believed that they play a role in the horizontal transfer of DNA among spirochetes that share a common geographical and ecological niche. [3, 4] 
OuterSurface Proteins (Osps)
The Outer Surface Proteins (Osps) of B. burgdorferi are lipoproteins that play an important role in interacting with interstitial and cellular components of insect and mammalian hosts. OspA, the most studied of the Osps, is expressed on spirochetes in unfed nymphs and adult ticks, as well as in culture. OspA mediates adherence to the cells of the tick midgut, which presumably allows spirochetes to avoid endocytosis by tick gut cells during digestion of the blood meal. The ability of Borrelia to regulate expression of OspA indicates that it also plays a role in detachment from the midgut, which allows the bacteria to enter the mammalian host when the tick takes a second bloodmeal.
During tick feeding, Borrelia in the midgut upregulate expression of another outer surface protein, OspC, and begin to move toward the salivary glands. This evident correlation suggests that OspC might play a role in transmission. Once it has entered the mammalian host, Borrelia downregulates OspA and exhibits variable OspC upregulation patterns. Although B. burgdorferi possesses only one copy of the ospC gene, sequences vary significantly from one strain to the next, which accounts for the observed antigenic variation between OspC proteins. The host immune system plays an important role in selecting for certain strains by eliminating the immunodominant ones. www.intechopen.com
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